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DETERMINING POSITION ACCURACY OF
DOUBLE EXPOSURE LITHOGRAPHY USING
OPTICAL METROLOGY

BACKGROUND

1. Field

The present application generally relates to optical metrol-
ogy, and, more particularly, to determining position accuracy
of double exposure lithography using optical metrology.

2. Related Art

Semiconductor devices/circuits are formed on semicon-
ductor wafers by depositing and patterning layers of materi-
als. In general, the features of the devices/circuits are formed
onto the layers of deposited materials using a patterning pro-
CEesS.

In a typical patterning process, the features of the devices/
circuits are laid out, one layer at a time, on a series of photo-
masks (masks). The layout of the features of the devices/
circuits on the masks are transferred, one mask at a time, onto
the deposited layers of materials.

Shrinkage of device dimensions has led to the use of double
exposure lithography. In double exposure lithography, amask
1s exposed to form one set of features, then a second exposure
1s performed to print a shifted set of features, which inter-
leaves with the first set of features. Misalignment of the
second exposure, however, can adversely affect the perfor-
mance ol the devices/circuits formed from the sets of fea-
tures. Thus, 1t 1s desirable to determine position accuracy of
the mask 1n double exposure lithography.

SUMMARY

In one exemplary embodiment, 1in determining position
accuracy of double exposure lithography using optical
metrology, a mask 1s exposed to form a first set of repeating
patterns on a waler, where the repeating patterns of the first
set have a first pitch. The mask 1s then exposed again to form
a second set of repeating patterns on the water. The repeating
patterns of the second set ol repeating patterns interleave with
the repeating patterns of the first set of repeating patterns. The
wafler 1s then developed to form a first set of repeating struc-
tures from the first set of repeating patterns and a second set
of repeating structures from the second set of repeating pat-
terns. A first diffraction signal 1s measured of a first repeating,
structure from the first set of repeating structures and a second
repeating structure from the second set of repeating struc-
tures, where the first repeating structure 1s adjacent to the
second repeating structure. A second pitch between the first
repeating structure and the second repeating structure 1s
determined using the first measured diffraction signal. Posi-
tion accuracy of the mask used to form the second set of
repeating patterns 1s determined based on the determined
second pitch and the first pitch.

DESCRIPTION OF DRAWING FIGURES

The present application can be best understood by refer-
ence to the following description taken in conjunction with
the accompanying drawing figures, 1n which like parts may be
referred to by like numerals:

FIG. 1 depicts an exemplary optical metrology system;

FIGS. 2A-2F depict exemplary profile models;

FIG. 3 depicts a repeating structure with a profile that
varies only 1n one dimension;

FIG. 4 depicts a repeating structure with a profile that
varies 1n two dimensions;
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FIGS. 5A to 5C depict modeling structures with profiles
that vary 1n two dimensions using unit cells;

FIG. 6 depicts an exemplary process of determining posi-
tion accuracy of double exposure lithography;

FIGS. 7A to 7TH depict one exemplary double exposure
lithography process;

FIG. 8 depicts sets of repeating structures running in
orthogonal directions;

FIGS. 9A and 9B depict repeating structures with profiles
that vary in two dimensions; and

FIG. 10 depicts a waler processing system.

DETAILED DESCRIPTION

The following description sets forth numerous specific
configurations, parameters, and the like. It should be recog-
nized, however, that such description 1s not intended as a
limitation on the scope of the present invention, but 1s instead
provided as a description of exemplary embodiments.

1. Optical Metrology Tools

With reference to FIG. 1, an optical metrology system 100
can be used to examine and analyze a structure formed on a
semiconductor water 104. For example, optical metrology
system 100 can be used to determine one or more features of
a periodic grating 102 formed on waier 104. As described
carlier, periodic grating 102 can be formed 1n a test pad on
waler 104, such as adjacent to a die formed on water 104.
Periodic grating 102 can be formed 1n a scribe line and/or an
area ol the die that does not interfere with the operation of the
die.

As depicted 1n FIG. 1, optical metrology system 100 can
include a photometric device with a source 106 and a detector
112. Periodic grating 102 1s 1lluminated by an incident beam
108 from source 106. The incident beam 108 1s directed onto
periodic grating 102 at an angle of incidence 0, with respectto
normal n of periodic grating 102 and an azimuth angle ® (i.e.,
the angle between the plane of incidence beam 108 and the
direction of the periodicity of periodic grating 102). Dii-
fracted beam 110 leaves at an angle of 0 , with respect to
normal and 1s recerved by detector 112. Detector 112 converts
the diffracted beam 110 into a measured diffraction signal,
which can include reflectance, tan (W), cos (A), Fourier coet-
ficients, and the like. Although a zero-order diffraction signal
1s depicted 1 FIG. 1, 1t should be recognized that non-zero
orders can also be used. For example, see Ausschnitt, Chris-
topher P., “A New Approach to Pattern Metrology,” Proc.
SPIE 3375-7, Feb. 23, 2004, pp 1-15, which 1s incorporated
herein by reference 1n 1ts entirety.

Optical metrology system 100 also includes a processing
module 114 configured to receive the measured difiraction
signal and analyze the measured diffraction signal. Process-
ing module 114 1s configured to determine one or more fea-
tures of the periodic grating using any number of methods
which provide a best matching diffraction signal to the mea-
sured diffraction signal. These methods are described below
and include a library-based process or a regression based
process using simulated diffraction signals obtained by rig-
orous coupled wave analysis and machine learning systems.

2. Library-Based Process of Determining Feature of Struc-
ture

In a library-based process of determining one or more
features of a structure, the measured diffraction signal is
compared to a library of simulated diffraction signals. More
specifically, each simulated diffraction signal in the library 1s
associated with a hypothetical profile of the structure. When
a match 1s made between the measured diffraction signal and
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one of the stmulated diffraction signals 1n the library or when
the difference of the measured diffraction signal and one of
the simulated diffraction signals 1s within a preset or match-
ing criterion, the hypothetical profile associated with the
matching simulated diffraction signal 1s presumed to repre-
sent the actual profile of the structure. The matching simu-
lated diffraction signal and/or hypothetical profile canthen be
utilized to determine whether the structure has been fabri-
cated according to specifications.

Thus, with reference again to FIG. 1, 1n one exemplary
embodiment, after obtaining a measured diffraction signal,
processing module 114 then compares the measured diffrac-
tion signal to simulated difiraction signals stored 1n a library
116. Each simulated diffraction signal 1n library 116 can be
associated with a hypothetical profile. Thus, when a match 1s
made between the measured diffraction signal and one of the
simulated diffraction signals 1n library 116, the hypothetical
profile associated with the matching simulated diffraction
signal can be presumed to represent the actual profile of
periodic grating 102,

The set of hypothetical profiles stored 1n library 116 can be
generated by characterizing the profile of periodic grating
102 using a profile model. The profile model 1s characterized
using a set of profile parameters. The profile parameters in the
set are varied to generate hypothetical profiles of varying
shapes and dimensions. The process of characterizing the
actual profile of periodic grating 102 using profile model and
a set of profile parameters can be referred to as parameteriz-
ng.

For example, as depicted in FIG. 2A, assume that profile
model 200 can be characterized by profile parameters hl and
w1 that define its height and width, respectively. As depicted
in FIGS. 2B to 2E, additional shapes and features of profile
model 200 can be characterized by increasing the number of
profile parameters. For example, as depicted in FIG. 2B,
profile model 200 can be characterized by profile parameters
h1l, w1, and w2 that define 1ts height, bottom width, and top
width, respectively. Note that the width of profile model 200
can be referred to as the critical dimension (CD). For

example, 1 FIG. 2B, profile parameter wl and w2 can be
described as defining the bottom CD (BCD) and top CD
(TCD), respectively, of profile model 200.

As described above, the set of hypothetical profiles stored
in library 116 (FIG. 1) can be generated by varying the profile
parameters that characterize the profile model. For example,
with reference to FI1G. 2B, by varying profile parameters hl,
wl, and w2, hypothetical profiles of varying shapes and
dimensions can be generated. Note that one, two, or all three
profile parameters can be varied relative to one another.

With reference again to FIG. 1, the number of hypothetical
profiles and corresponding simulated diffraction signals in
the set of hypothetical profiles and simulated diffraction sig-
nals stored in library 116 (1.¢., the resolution and/or range of
library 116) depends, 1n part, on the range over which the set
ol profile parameters and the increment at which the set of
profile parameters 1s varied. The hypothetical profiles and the
simulated diffraction signals stored 1n library 116 are gener-
ated prior to obtaining a measured diffraction signal from an
actual structure. Thus, the range and increment (1.¢., the range
and resolution) used 1n generating library 116 can be selected
based on familiarity with the fabrication process for a struc-
ture and what the range of variance 1s likely to be. The range
and/or resolution of library 116 can also be selected based on
empirical measures, such as measurements using AFM,
X-SEM, and the like.

For a more detailed description of a library-based process,
see U.S. patent application Ser. No. 09/907,488, titled GEN-
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ERATION OF A LIBRARY OF PERIODIC GRATING DIF-
FRACTION SIGNALS, filed on Jul. 16, 2001, which 1s incor-

porated herein by reference 1n its entirety.

3. Regression-Based Process of Determining Feature of
Structure

In a regression-based process of determining one or more
features of a structure, the measured diffraction signal 1s
compared to a simulated diffraction signal (1.e., a trial difirac-
tion signal). The simulated diffraction 81gnal 1s generated
prior to the comparison using a set of profile parameters (1.¢.,
trial profile parameters) for a hypothetical profile. If the mea-
sured diffraction signal and the simulated diffraction signal
do not match or when the difference of the measured difirac-
tion signal and one of the stmulated diffraction signals 1s not
within a preset or matching criterion, another simulated dif-
fraction signal 1s generated using another set of profile param-
cters for another hypothetical profile, then the measured dii-
fraction signal and the newly generated simulated diffraction
signal are compared. When the measured diffraction signal
and the simulated diffraction signal match or when the dii-
ference of the measured diffraction signal and one of the
simulated diffraction signals 1s within a preset or matching
criterion, the hypothetical profile associated with the match-
ing simulated diffraction signal 1s presumed to represent the
actual profile of the structure. The matching simulated dii-
traction signal and/or hypothetical profile can then be utilized
to determine whether the structure has been fabricated
according to specifications.

Thus, with reference again to FIG. 1, the processing mod-
ule 114 can generate a simulated diffraction signal for a
hypothetical profile, and then compare the measured diffrac-
tion signal to the simulated diffraction signal. As described
above, 1 the measured diffraction signal and the simulated
diffraction signal do not match or when the ditference of the
measured diffraction signal and one of the simulated diffrac-
tion signals 1s not within a preset or matching criterion, then
processing module 114 can iteratively generate another simu-
lated diffraction signal for another hypothetical profile. The
subsequently generated simulated diffraction signal can be
generated using an optimization algorithm, such as global
optimization techniques, which includes simulated anneal-
ing, and local optimization techniques, which includes steep-
est descent algorithm.

The simulated diffraction signals and hypothetical profiles
can be stored in a library 116 (1.e., a dynamic library). The
simulated diffraction signals and hypothetlcal profiles stored
in library 116 can then be subsequently used 1n matching the
measured diffraction signal.

For a more detailed description of a regression-based pro-
cess, see U.S. patent application Ser. No. 09/923,578, titled
METHOD AND SYSTEM OF DYNAMIC LEARNING
THROUGH A REGRESSION-BASED LIBRARY GEN-
ERATION PROCESS, filed on Aug. 6, 2001, which 1s 1ncor-

porated herein by reference 1n its entirety.

4. Rigorous Coupled Wave Analysis

As described above, simulated diffraction signals are gen-
crated to be compared to measured diffraction signals. As will
be described below, the simulated difiraction signals can be
generated by applying Maxwell’s equations and using a
numerical analysis technique to solve Maxwell’s equations. It
should be noted, however, that various numerical analysis
techniques, including varniations of RCWA, can be used.

In general, RCWA 1volves dividing a hypothetical profile
into a number of sections, slices, or slabs (hereafter simply
referred to as sections). For each section of the hypothetical
profile, a system of coupled differential equations 1s gener-
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ated using a Fourier expansion of Maxwell’s equations (i.e.,
the components of the electromagnetic field and permittivity
(©)). The system of differential equations 1s then solved using
a diagonalization procedure that ivolves eigenvalue and
cigenvector decomposition (i.€., Eigen-decomposition) of the
characteristic matrix of the related differential equation sys-
tem. Finally, the solutions for each section of the hypothetical
profile are coupled using a recursive-coupling schema, such
as a scattering matrix approach. For a description of a scat-
tering matrix approach, see Lifeng L1, “Formulation and
comparison of two recursive matrix algorithms for modeling
layered diffraction gratings,” J. Opt. Soc. Am. A13, pp 1024-
1035 (1996), which 1s incorporated herein by reference 1n 1ts
entirety. For a more detail description of RCWA, see U.S.
patent application Ser. No. 09/770,997, titled CACHING OF
INTRA-LAYER CALCULATIONS FOR RAPID RIGOR-

OUS COUPLED-WAVE ANALYSES, filed on Jan. 25, 2001,
which 1s incorporated herein by reference in 1ts entirety.

5. Machine Learning Systems

The simulated difiraction signals can be generated using a
machine learning system (MLS) employing a machine learn-
ing algorithm, such as back-propagation, radial basis func-
tion, support vector, kernel regression, and the like. For a
more detailed description of machine learning systems and
algorithms, see “Neural Networks” by Simon Haykin, Pren-
tice Hall, 1999, which 1s incorporated herein by reference in
its entirety. See also U.S. patent application Ser. No. 10/608,
300, titled OPTICAL METROLOGY OF STRUCTURES
FORMED ON SEMICONDUCTOR WAFERS USING

MACHINE LEARNING SYSTEMS, filed on Jun. 27, 2003,
which 1s incorporated herein by reference 1n its entirety.

In one exemplary embodiment, the simulated diffraction
signals 1n a library of diffraction signals, such as library 116
(FIG. 1), used 1n a library-based process are generated using
a MLS. For example, a set of hypothetical profiles can be
provided as 1nputs to the MLS to produce a set of simulated
diffraction signals as outputs from the MLS. The set of hypo-
thetical profiles and set of simulated diffraction signals are
stored 1n the library.

In another exemplary embodiment, the simulated diffrac-
tions used 1n regression-based process are generated using a
MLS, such as MLS 118 (FIG. 1). For example, an nitial
hypothetical profile can be provided as an input to the MLS to
produce an 1mtial simulated diffraction signal as an output
from the MLS. If the mitial simulated diffraction signal does
not match the measured diffraction signal, another hypotheti-
cal profile can be provided as an additional input to the MLS
to produce another simulated diffraction signal.

FI1G. 1 depicts processing module 114 having both a library
116 and MLS 118. It should be recognized, however, that
processing module 114 can have eitther library 116 or MLS
118 rather than both. For example, 1f processing module 114
only uses a library-based process, MLS 118 can be omitted.
Alternatively, i processing module 114 only uses a regres-
sion-based process, library 116 can be omitted. Note, how-
ever, a regression-based process can include storing hypo-
thetical profiles and simulated diffraction signals generated
during the regression process in a library, such as library 116.

6. One Dimension Profiles and Two Dimension Profiles

The term “one-dimension structure” 1s used herein to refer
to a structure having a profile that varies only 1n one dimen-
sion. For example, FIG. 3 depicts a periodic grating having a
profile that varies 1n one dimension (1.€., the x-direction). The
profile of the periodic grating depicted in FIG. 3 varies 1n the
z-direction as a function of the x-direction. However, the
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profile of the periodic grating depicted 1n FIG. 3 1s assumed to
be substantially uniform or continuous 1n the y-direction.

The term “two-dimension structure” 1s used herein to refer
to a structure having a profile that varies 1n at least two-
dimensions. For example, FIG. 4 depicts a periodic grating
having a profile that varies 1n two dimensions (1.e., the x-di-
rection and the y-direction). The profile of the periodic grat-
ing depicted 1n FIG. 4 varies 1in the y-direction.

Discussion for FIGS. 5A, 5B, and 5C below describe the
characterization of two-dimension repeating structures for
optical metrology modeling. FIG. 5A depicts a top-view of
exemplary orthogonal grid of unit cells of a two-dimension
repeating structure. A hypothetical grid of lines 1s superim-
posed on the top-view of the repeating structure where the
lines of the grid are drawn along the direction of periodicity.
The hypothetical grid of lines forms areas referred to as unit
cells. The umit cells may be arranged 1n an orthogonal or
non-orthogonal configuration. Two-dimension repeating
structures may comprise features such as repeating posts,
contact holes, vias, 1slands, or combinations of two or more
shapes within a unit cell. Furthermore, the features may have
a variety of shapes and may be concave or convex features or
a combination of concave and convex features. Referring to
FIG. SA, repeating structure 500 comprises unit cells with
holes arranged 1n an orthogonal manner. Unit cell 502
includes all the features and components inside the unit cell
502, primarily comprising a hole 504 substantially in the
center of the unit cell 502.

FIG. 5B depicts a top-view of a two-dimension repeating,
structure. Unit cell 510 includes a concave elliptical hole.
FIG. 5B shows a unit cell 510 with a feature 516 that com-
prises an elliptical hole, where the dimensions become pro-
gressively smaller until the bottom of the hole. Profile param-
eters used to characterize the structure includes the X-pitch
506 and the Y-pitch 508. In addition, the major axis of the
cllipse 512 that represents the top of the feature 516 and the
major axis of the ellipse 514 that represents the bottom of the
feature 516 may be used to characterize the feature 516.
Furthermore, any intermediate major axis between the top
and bottom of the feature may also be used as well as any
minor axis of the top, mtermediate, or bottom ellipse, (not
shown).

FIG. 5C 1s an exemplary technique for characterizing the
top-view of a two-dimension repeating structure. A unit cell
518 of a repeating structure 1s a feature 520, an 1sland with a
peanut-shape viewed from the top. One modeling approach
includes approximating the feature 520 with a variable num-
ber or combinations of ellipses and polygons. Assume further
that after analyzing the variability o the top-view shape of the
teature 520, 1t was determined that two ellipses, Ellipsoid 1
and Ellipsoid 2, and two polygons, Polygon 1 and Polygon 2
were Tfound to fully characterize feature 520. In turn, param-
cters needed to characterize the two ellipses and two polygons
comprise nine parameters as follows: T1 and T2 for Ellipsoid
1; 13, T4,and 0, for Polygon 1; T4, TS, and 0, for Polygon 2;
16 and T7 for Ellipsoid 2. Many other combinations of shapes
could be used to characterize the top-view of the feature 520
in unit cell 5318. For a detailed description of modeling two-

dimension repeating structures, refer to U.S. patent applica-
tion Ser. No. 11/061,303, OPTICAL METROLOGY OPTI-

MIZATION FOR REPETITIVE STRUCTURES, by Vuong,
ctal., filed on Apr. 277, 2004, and 1s incorporated 1n 1ts entirety
herein by reference.

7. Double Exposure Lithography

As discussed earlier, the process of fabricating semicon-
ductor devices/circuits includes depositing and patterning
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layers of materials on a substrate. More particularly, the fea-
tures of the semiconductor devices/circuits are formed one
layer at a time by depositing a layer of material, then remov-
ing portions of the deposited layer of material.

The process of depositing the layers of material 1s gener-
ally referred to as a deposition process. Exemplary deposition
processes include chemical vapor deposition (CVD), oxida-
tion, spin coating, sputtering, and the like. Exemplary mate-
rials that are deposited include oxides, metals, and the like.

The process of forming features on the deposited layers of
maternials 1s generally referred to as a patterning process,
which typically includes a photolithography process and an
ctching process. More particularly, in a typical lithographic
process, the features of the semiconductor device/circuit are
laid out one layer at a time on a series of photomasks (masks).

A single mask typically includes the layout for one layer of
one or more chips throughout a wafer.

As described above, double exposure lithography includes
exposing a mask to form one set of features, and then per-
forming a second exposure to form a shifted set of features,
which interleave with the earlier formed set of features. Note,
the second exposure can be achieved by shifting the mask
and/or the water. With reference to FIG. 6, an exemplary
process 600 1s depicted of determining position accuracy of
double exposure lithography using optical metrology.

In step 602, a mask 1s exposed to form a first set of repeat-
ing patterns on a waier. The repeating patterns of the first set
have a first pitch. For example, with reference to FIG. 7A, a
layer 700 1s deposited on water 104. For the purpose of this
example, assume that layer 700 1s a photoresist layer. How-
ever, layer 700 can include various materials, such as oxides,
metals, and the like. With reference to FIG. 7B, a mask 702 1s
positioned above layer 700. With reference to FIG. 7C, mask
702 15 aligned relative to water 104 such that the features that
are to be formed on layer 700 are positioned 1n the proper
intended location. When mask 702 1s properly aligned, mask
702 and portions of layer 700 are exposed to light.

As depicted 1n FIG. 7B, mask 702 includes portions 704
that block light and portions 706 that transmit light. Portions
704 of mask 702 that block light can be patterned to have the
same shape as the features that are to be formed on layer 700.
These types of masks are generally referred to as “light field”
masks. Alternatively, portions 706 of mask 702 that transmit
light can be patterned to have the same shape as the features
that are to be formed on layer 700. These types of masks are
generally referred to as “dark field” masks. For the sake of
convenience and clarity, mask 702 1s depicted and described
as being a “light field” mask.

As depicted in FIG. 7C, when mask 702 and portions of
layer 700 are exposed to light, only certain portions of layer
700 are exposed to the light, 1.e., the portions under portions
706 of mask 702 that transmit light. As described above, 1n
this example, layer 700 1s a photoresist layer, which has the
material characteristic that its solubility 1s responsive to expo-
sure to light. More particularly, some photoresist change from
a soluble to an insoluble condition when exposed to light.
Thesetypes of photoresist are generally known as “negatively
acting” resist. In contrast, some photoresist change from an
insoluble to a soluble condition when exposed to light. These
types of photoresist are generally known as “positively act-
ing”” resist. For the sake of convenience and clarity, assume
that layer 700 1s a “positively acting™ resist.

It should be noted that mask 702 can be patterned to include
the shapes of the features of one layer of the devices/circuits
that are to be formed on water 104 (FIG. 1), and more par-
ticularly on layer 700. As such, during the process of forming,
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repeating structures, the features of one layer of devices/
circuits are also being formed on layer 700 of one or more
chips throughout water 104.

With reference again to FIG. 6, 1n step 604, after exposing,
the mask to form the first set of repeating patterns, the mask
and/or the water 1s shifted. With reference to FIG. 7D, mask
702 1s shown positioned above layer 700. It should be recog-
nized, however, that wafer 104 can be shifted, or both mask
702 and water 104 can be shifted.

With reference again to FIG. 6, in step 606, aiter the mask
and/or wafer has been shifted and positioned, the mask 1s
exposed a second time to form a second set of repeating
patterns on the water. The repeating patterns of the second set
ol repeating patterns interleave with the repeating patterns of
the first set of repeating patterns. With reference to FIG. 7E,
when mask 702 and/or water 104 has been shifted and prop-
erly aligned, mask 702 and portions of layer 700 are exposed
to light. As depicted in FIG. 7E, only certain portions of layer
700 are exposed to the light, 1.¢., the portions under portions
706 of mask 702 that transmat light.

With reference again to FIG. 6, after the mask has been
exposed twice to form the first and second sets of repeating
patterns, 1n step 608, the water 1s developed to form a first set
of repeating structures from the first set of repeating patterns
and a second set of repeating structures from the second set of
repeating patterns. With reference to FI1G. 7E, when layer 700
1s exposed to an appropriate chemical solvent (1.¢., a devel-
oper), the portions of layer 700 that were exposed to the light
are dissolved. Thus, as depicted in FIG. 7F, a first set of
repeating structures 708 are formed from the first set of
repeating patterns formed on layer 700 (FIG. 7E), and a
second set of repeating structures 710 are formed from the
second set of repeating patterns formed on layer 700 (FIG.
7E). As depicted i FIG. 7F, repeating structures 708 are
spaced regularly with a pitch of P1. Repeating structures 710
are interleaved with repeating structure 708. One repeating
structure 710 1s spaced from one repeating structure 708 with
a pitch of P2.

With reference to FIG. 6, 1n step 610, a diffraction signal 1s
measured of a first repeating structure from the first set of
repeating structures and a second repeating structure from the
second set of repeating structures. In the present exemplary
embodiment, the diffraction signal 1s measured using an opti-
cal metrology tool. FIG. 7@, depicts incident beam 108 as
being incident on repeating structure 708, and diffraction
beam 110 as being diffracted from repeating structure 708. It
should be recognized, however, that incident beam 108 has a
spot size that typically covers multiple periods of repeating
structures 708 and 710. For the purpose of the present appli-
cation, the spot size only needs to be suificient to obtain a
diffraction signal of at least one repeating structure 708 and
one adjacent repeating structure 710. As described above, a
measured diffraction signal 1s converted from difiraction
beam 110.

With reference to FIG. 6, in step 612, the measured difirac-
tion signal 1s used to determine the pitch between the first
repeating structure from the first set of repeating structures
and the second repeating structure from the second set of
repeating structures. As depicted 1in FIG. 7G, pitch P2 corre-
sponds to the pitch between repeating structure 708 and
repeating structure 710, which 1s adjacent to repeating struc-
ture 708. As described above, pitch P2 can be determined
from the measured diflraction signal using a regression-based
or library-based process of optical metrology.

With reference to FIG. 6, 1n step 614, the pitch between the
repeating structures of the first set of repeating structures and
the pitch between the first repeating structure and the second
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repeating structure are used to determine the position accu-
racy of the mask used to form the second set of repeating
structures. With reference to FIG. 7G, if pitch P2 1s deter-
mined to be half of pitch P1, then the position of the mask 1s
determined to have been aligned properly. With reference to
FIG. 7H, 11 pitch P2 1s determined not to be half of pitch P1,
then the position of the mask 1s determined to have been
misaligned. Note, 1n FIG. 7H, assume that the dotted outline
of repeating structure 710 depict the location where pitch P2
1s half of pitch P1. Thus, offset A indicates the amount by
which the mask was misaligned. As mentioned above, the
mask and/or the water can be shifted to form the second
repeating structure. Thus, the mask used to form the second
set of repeating structure can be aligned or misaligned as a
result of shifting only the mask, shifting only the water, or
shifting both the mask and the wafer.

Although repeating structures 708 and 710 have been
depicted and described as being formed directly on wafer
104, 1t should be noted that repeating structures 708 and 710
can be formed on an intermediate layer formed on water 104.

As described above, pitch P2 can be determined from the
measured diffraction signal using a regression-based or
library-based process of optical metrology. As also described
above, 1 optical metrology, a profile model 1s used to char-
acterize the structure to be examined. In one exemplary
embodiment, when repeating structures 708 and 710 are line-
space structures as depicted in FIG. 7F, repeating structures
708 and 710 can be modeled as spacers, and the width of the
air gap between repeating structures 708 and 710 corresponds
to pitch P2.

With continued reference to FIG. 8, when repeating struc-
tures 708 and 710 are line space structures, 1n one exemplary
embodiment, repeating structures 708 and 710 are oriented 1n
one direction. As depicted 1n FIG. 8, another set of repeating
structures 802 and set of repeating structures 804 are formed.
Repeating structures 802 and 804 are oriented 1n a direction
orthogonal to repeating structures 708 and 710. Repeating
structures 708, 710, 802, and 804 can be used to determine
position accuracy of the mask in the two orthogonal direc-
tions.

In particular, with reference to FIG. 6, belfore step 608, the
mask 1s exposed to form a third set of repeating patterns. The
repeating patterns of the third set have a third pitch. After
exposing the mask to form a third set of repeating patterns and
betore step 608, the mask and/or water 1s shifted. The mask 1s
then exposed again to form a fourth set of repeating struc-
tures. The repeating patterns of the fourth set of repeating
patterns interleave with the repeating patterns of the third set
ol repeating patterns. When the wafer 1s developed 1n step
608, a third set of repeating structures 1s formed from the third
set of repeating patterns, and a fourth set of repeating struc-
tures 1s formed from the fourth set of repeating patterns. A
diffraction signal 1s measured from a repeating structure from
the third set of repeating structures and a repeating structure
from the fourth set of repeating structures. A fourth pitch 1s
determined between the repeating structure from the third set
and the repeating structure from the fourth set. The position
accuracy of the mask 1s determined based on the determined
fourth pitch and the third pitch.

Thus far, repeating structures have been depicted as having
profiles that vary only 1n one dimension. It should be recog-
nized, however, that the repeating structures can have profiles
that vary in two dimensions, and that the processes described
above can apply to these structures.

More particularly, with reference to FIG. 9A, a top view of
a set of repeating structures 902 with profiles that vary 1in two
dimensions 1s depicted. Repeating structures 902 have pitch
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P1. As depicted in FIG. 9B, the mask used to form set of
repeating structures 902 can be shifted and/or the water can
be shifted to form another set of repeating structures 904 that
interleave with set of repeating structures 902. A dififraction
signal can be measured of at least one repeating structure
from set of repeating structures 902 and at least one repeating
structure from set of repeating structures 904. Pitch P2 can be
determined from the measured diffraction signal using a
regression-based or library-based process of optical metrol-
ogy. As described above, repeating structures 902 and 904 can
be modeled for optical metrology using a umit cell 906. As
described above, position accuracy of the mask can be deter-
mined based on pitch P1 and P2.

With reference to FIG. 10, an integrated waler processing
and metrology system 1000 includes a coater/developer
1002, a stepper 1004, and optical metrology tool 100. Coater/
developer 1002 1s configured to deposit layers on a water and
develop the water. Stepper 1004 1s configured to expose a
mask to form repeating patterns on the deposited layers on the
waler. Stepper 1004 1s also configured to shift the mask
and/or the water. Optical metrology tool 100 1s configured to
measure a diffraction signal from the wafer.

In particular, stepper 1004 1s configured to expose a mask
to form a {first set of repeating patterns and a second set of
repeating structures on a wafer. The repeating patterns of the
first set have a first pitch, and the repeating patterns of the
second set of repeating patterns interleave with the repeating
patterns of the first set of repeating patterns. Stepper 1004 1s
also configured to shift the mask and/or the wafer after the
mask 1s exposed to form the first set of repeating patterns to
expose the mask to form the second set of repeating patterns.
Coater/developer 1002 1s configured to deposit one or more
layers on the water. The first and second sets of repeating
patterns are formed on the one or more layers. Coater/devel-
oper 1002 1s configured to develop the water after the first and
second sets of repeating patterns are formed on the one or
more layers to form a first set of repeating structures from the
first set of repeating patterns and a second set of repeating
structures from the second set of repeating patterns. Optical
metrology tool 100 1s configured to measure a diffraction
signal of a first repeating structure from the first set of repeat-
ing structures and a second repeating structure from the sec-
ond set of repeating structures, where the first repeating struc-
ture 1s adjacent to the second repeating structure. Optical
metrology tool 100 1s configured to determine a second pitch
between the first repeating structure and the second repeating
structure using the measured diffraction signal. Optical
metrology tool 100 1s configured to determine position accu-
racy of the mask used to form the second set of repeating
patterns based on the determined second pitch and the first
pitch.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the mvention to the precise forms disclosed,
and 1t should be understood that many modifications and
variations are possible 1n light of the above teaching.

We claim:

1. A method of determining position accuracy of double
exposure lithography using optical metrology, the method
comprising;

a) exposing a mask to form a first set of repeating patterns

on a waler, wherein the repeating patterns of the first set
have a first pitch;

b) after a), exposing the mask to form a shifted second set
of repeating patterns on the water, wherein the repeating
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patterns of the second set of repeating patterns interleave
with the repeating patterns of the first set of repeating
patterns;

c) after b), developing the wafer to form a first set of
repeating structures from the {first set of repeating pat-
terns and a second set of repeating structures from the
second set of repeating patterns;

d) measuring a first diffraction signal of a first repeating
structure from the first set of repeating structures and a
second repeating structure from the second set of repeat-
ing structures, wherein the first repeating structure is
adjacent to the second repeating structure;

¢) determining a second pitch between the first repeating,
structure and the second repeating structure using the
first measured diffraction signal; and

1) determining position accuracy of the mask used to form
the second set of repeating patterns based on the deter-
mined second pitch and the first pitch, wherein the posi-
tion of the mask 1s determined to have been misaligned
if the second pitch 1s not half of the first pitch, and
wherein the position of the mask 1s determined to have
been aligned properly 1t the second pitch 1s half of the
first pitch.

2. The method of claim 1, further comprising;

when the second pitch 1s not half of the first pitch, deter-
mining an amount of misalignment of the mask based on
the difference between the second pitch and half of the
first pitch.

3. The method of claim 1, wherein the repeating structures
of the first and second sets of repeating structures are line and
space structures.

4. The method of claim 3, wherein an air gap with a width
exists between the first and second repeating structures,
wherein the first and second repeating structures are modeled
as spacers, and wherein the width of the air gap 1s determined
as the second pitch.

5. The method of claim 1, further comprising;:

g) before ¢), exposing the mask to form a third set of
repeating patterns, wherein the repeating patterns of the
third set have a third pitch;

h) after g) and before ¢), exposing the mask to form a fourth
set of repeating patterns, wherein the repeating patterns
ol the fourth set of repeating patterns interleave with the
repeating patterns of the third set of repeating patterns,
wherein, when the water 1s developed 1n ¢), a third set of
repeating structures 1s formed from the third set of
repeating patterns and a fourth set of repeating structures
1s formed from the fourth set of repeating patterns;

1) after ¢), measuring a second diffraction signal of a third
repeating structure from the third set of repeating struc-
tures and a fourth repeating structure from the fourth set
of repeating structures, wherein the third repeating
structure 1s adjacent to the fourth repeating structure;

1) determining a fourth pitch between the third repeating
structure and the fourth repeating structure using the
second measured diffraction signal; and

k) determining position accuracy of the mask used to form
the fourth set of repeating patterns based on the deter-
mined fourth pitch and the third pitch.

6. The method of claim 5, wherein the repeating structures
of the first, second, third, and fourth sets of repeating struc-
tures are line and space structures.

7. The method of claim 6, wherein the line and space
structures of the first and second sets of repeating structures
are oriented in a first direction, and wherein line and space
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structures of the third and fourth sets of repeating structures
are oriented 1n a second direction, wherein the first and sec-
ond directions are orthogonal.

8. The method of claim 1, wherein the repeating structures
of the first and second sets of repeating structures are struc-
tures with profiles that vary i two or more dimensions.

9. The method of claim 8, wherein a unit cell 1s used to
model the structures with profiles that vary in two or more
dimensions.

10. The method of claim 1, wherein the first diffraction
signal 1s measured using an optical metrology tool.

11. The method of claim 1, further comprising:

after a) and before b), shifting the mask and/or the water.

12. A computer-readable medium containing computer-
executable 1nstructions for determining position accuracy of
double exposure lithography using optical metrology, com-
prising instructions for:

a) obtaining a first measured diffraction signal of a first
repeating structure from a {irst set ol repeating structures
and a second repeating structure from a second set of
repeating structures, wherein the first repeating structure
1s adjacent to the second repeating structure, wherein the
first set of repeating structures 1s formed from a first set
of repeating patterns and the second set of repeating
structures 1s formed from a second set of repeating pat-
terns, wherein the repeating patterns of the first set of
repeating patterns has a first pitch, wherein the first set of
repeating patterns 1s formed by exposing a mask; and
wherein the second set of repeating patterns 1s formed by
exposing the mask again after the mask was exposed to
form the first set of repeating patterns;

b) determiming a second pitch between the first repeating
structure and the second repeating structure using the
first measured diffraction signal; and

¢) determiming position accuracy of the mask used to form
the second set of repeating patterns based on the deter-
mined second pitch and the first pitch, wherein the posi-
tion of the mask 1s determined to have been misaligned
if the second pitch 1s not half of the first pitch, and
wherein the position of the mask 1s determined to have
been aligned properly 1t the second pitch 1s half of the
first pitch.

13. The computer-readable medium of claim 12, further

comprising instructions for:

when the second pitch 1s not half of the first pitch, deter-
mining an amount of misalignment of the mask based on
the difference between the second pitch and half of the
first pitch.

14. The computer-readable medium of claim 12, wherein
the repeating structures of the first and second sets of repeat-
ing structures are line and space structures, wherein an air gap
with a width exists between the first and second repeating
structures, wherein the first and second repeating structures
are modeled as spacers, and wherein the width of the air gap
1s determined as the second pitch.

15. The computer-readable medium of claim 12, further
comprising instructions for:

d) obtaining a second measured diffraction signal of a third
repeating structure from a third set of repeating struc-
tures and a fourth repeating structure from a fourth set of
repeating structures, wherein the third repeating struc-
ture 1s adjacent to the fourth repeating structure, wherein
the third set of repeating structures 1s formed from a third
set of repeating patterns and the fourth set of repeating,
structures 1s formed from a fourth set of repeating pat-
terns, wherein the repeating patterns of the third set of
repeating patterns has a third pitch, wherein the third set
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ol repeating patterns 1s formed by exposing the mask;
and wheremn the fourth set ol repeating patterns 1s
formed by exposing the mask again after the mask was
exposed to form the third set of repeating patterns;

¢) determining a fourth pitch between the third repeating
structure and the fourth repeating structure using the
second measured diffraction signal; and

1) determining position accuracy of the mask used to form
the fourth set of repeating patterns based on the deter-
mined fourth pitch and the third pitch.

16. The computer-readable medium of claim 135, wherein
the repeating structures of the first, second, third, and fourth
sets of repeating structures are line and space structures,
wherein the line and space structures of the first and second
sets of repeating structures are oriented 1n a first direction, and
wherein line and space structures of the third and fourth sets
ol repeating structures are oriented in a second direction,
wherein the first and second directions are orthogonal.

17. The computer-readable medium of claim 12, wherein
the repeating structures of the first and second sets of repeat-
ing structures are structures with profiles that vary in two or
more dimensions, and wherein a unit cell 1s used to model the
structures with profiles that vary in two or more dimensions.

18. An integrated water processing and metrology system
to determine position accuracy of dual exposure lithography
using optical metrology, the system comprising;:

a stepper configured to expose a mask to form a first set of
repeating patterns on a water, and expose the mask again
to form a second set of repeating structures on the wafter,
wherein the repeating patterns of the first set have a first
pitch, wherein the repeating patterns of the second set of
repeating patterns interleave with the repeating patterns
of the first set of repeating patterns;
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a coater/developer connected to the stepper, wherein the
coater/developer 1s configured to deposit one or more
layers on the wafer, wherein the first and second sets of
repeating patterns are formed on the one or more layers,
and wherein the coater-developer 1s configured to
develop the watler after the first and second sets of
repeating patterns are formed on the one or more layers
to form a first set of repeating structures from the first set
of repeating patterns and a second set of repeating struc-
tures from the second set of repeating patterns; and

an optical metrology tool connected to the coater/devel-
oper, wherein the optical metrology tool 1s configured to
measure a diffraction signal of a first repeating structure
from the first set of repeating structures and a second
repeating structure from the second set of repeating
structures, wherein the first repeating structure 1s adja-
cent to the second repeating structure, wherein the opti-
cal metrology tool 1s configured to determine a second
pitch between the first repeating structure and the second
repeating structure using the measured diffraction sig-
nal, and wherein the optical metrology tool 1s configured
to determine position accuracy of the mask used to form
the second set of repeating patterns based on the deter-
mined second pitch and the first pitch, wherein the posi-
tion of the mask 1s determined to have been misaligned
if the second pitch 1s not half of the first pitch, and
wherein the position of the mask 1s determined to have
been aligned properly 1t the second pitch 1s half of the
first pitch.

19. The system of claim 18, wherein the stepper 1s config-

ured to shift the mask and/or the wafer.
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